Pyruvate, Pi dikinase (EC 2.7.9.1) catalyzes the synthesis of phosphoenol-pyruvate, the primary CO2 acceptor in C4 plants, by the following reaction: pyruvate + ATP + Pi . PEP + AMP + PPi (13) . The enzyme is inactive in the dark, and is rapidly activated upon illumination (1 1) . The degree of activation of PPDK3 is modulated by PPFD (8, 11, 14) . These processes can be accounted for by an in vitro Pi-dependent activation and an ADP plus ATP-dependent inactivation, and are apparently catalyzed by a protein found in mesophyll chloroplasts, where PPDK is also located (5, 6, 12, 21) .
A wide range of PPDK activity has been found among inbred lines,of maize (1) . When these inbreds were crossed to form a diallel, dominance of high level of activity was found only in crosses v~4th the inbred W37A as a parent (2) . This inbred consistently had the highest activity of all the inbreds tested.
The objective of the present paper was to determine whether the above genetic differences in PPDK activity could be accounted for by different quantities of the enzyme and/or by differences in the in vitro activation or stability of PPDK activity. Evidence is presented that the immunochemically determined ' 13 cm) with drainage holes in the bottom. Plants were fertilized with a nutrient solution described earlier (7) . Two-to 5-week-old plants were used for this study. The youngest fully expanded leaf was cut from several plants. Leaves with midribs removed were pooled and cut transversely in 3-to 5-mm-long segments. When several experiments or replications were performed with the same plant material, 2-g fractions were rapidly frozen and stored at -70°C. In other experiments, fresh leaftissue was used immediately. We could not detect differences in PPDK activity between fresh and frozen leaf tissue as was also reported by Edwards et al. (8) 
RESULTS AND DISCUSSION
Significant genetic variability for PPDK activity was observed, with more than a 5-fold difference between the inbred with highest activity (W37A) and those with lowest activity (Oh43 and WI 17) (Table I) . When the quantity of PPDK protein was determined immunochemically in leaf extracts of the same inbreds, PPDK comprised about 10% of the leaf-soluble protein in all inbreds (Table I ). The specific activities of PPDK varied nearly 5-fold among the inbreds. To determine whether the variability in PPDK specific activity was caused by differential stability of the enzyme in crude homogenates, changes in activity were monitored for nearly 5 h after tissue homogenization (Fig. IA) . Maximum activation of PPDK was achieved in about 90 min. Enzyme activity declined thereafter in extracts of most inbreds, at a rate less than 20% h-'. Because activities reported in Table I were determined 90 to 120 min after extraction, the genetic differences cannot be accounted for by differential stability of the enzyme.
A distinguishing characteristic of PPDK from W37A is the marked activation that took place during the first 2 h after extraction (Fig. IA) . This suggests that part of the genetic differences in PPDK activity could be related to an in vitro activation process. Indeed, when PPDK activities were determined soon after leaf homogenization, PPDK activity was initially nearly the same in W37A and Oh43, but PPDK activity from W37A increased nearly 2-fold in 90 min, whereas one-third of the activity was lost over the same time in extracts from Oh43 (Fig.  1 B) . The initial loss of PPDK activity after filtration of the extracts on Sephadex G-25 could be prevented by omission of the filtration treatment (data not shown).
Orthophosphate-dependent PPDK activation is catalyzed by a heat-labile, trypsin-sensitive protein referred to as pyruvate, Pi dikinase regulatory protein (PDRP) (5, 20) . Several studies have indicated that PDRP is unstable (12, 16, 20) . The lack of activation in leaf extracts from Oh43 could therefore be caused by PDRP instability. Interestingly, nitrate reductase activity was shown to be highly unstable in leaf extracts of Oh43 (17, 22) . PDRP in preparations of maize chloroplastic stroma was stabilized by addition of Pi or ATP (12) . We found no effect of Pi (which was present in the extraction buffer) or (Fig.  3A) , but the rate of PPDK activation in extracts from W37A was increased several-fold over that in the absence of casein (Fig.  3B) .
A major effect of casein was observed during the first 10 min after homogenization in which substantial activation of PPDK occurred in the presence of casein. Several lines of evidence suggest that the major effect of casein is on processes other than proteolysis: (a) Addition of BSA in place of casein resulted in only marginal increases in PPDK activation rate (data not shown). (b) Two protease inhibitors (10 gM leupeptin and 1 mM phenylmethylsulfonyl fluoride) did not provide any protection to the activation mechanism (data not shown). (c) Addition of casein immediately after homogenization did not increase PPDK activation in extracts with diminished activation ability (data not shown). (d) As noted above, the effect of casein is very rapid, as PPDK activity determinations during the first 10 min after extraction already indicated substantial activation in the presence of casein (Figs. 2 and 3 ). These observations indicate that most of the protective effect of casein occurs during the homogenization process.
Leaf extractions in all the above experiments were performed using a VirTis homogenizer at high speed (48,000 rpm). Grinding leaf tissue with sand in a chilled mortar provided considerable protection to the PPDK activation mechanism, even in the absence of casein (Fig. 3, C and D) . However, the rates of PPDK activation were lower without casein than with addition of this protein. Rates of activation were similar with both methods of homogenization when casein was present in the extraction buffer (Fig. 3, Oh43 than in those of W37A. Leaf extracts prepared by gentle grinding in a mortar were bubbled with air for 1.5 min without affecting PPDK activation (data not shown), indicating that the extensive foaming resulting from high speed homogenization was not causing instability of the PPDK activation mechanism.
Alteration of either PPDK or PDRP could result in loss of PPDK activation. To determine which protein was protected by addition ofcasein or gentle extraction, leafextracts with an intact activation mechanism and fully activated PPDK (obtained by grinding in a mortar, with or without casein) were mixed with extracts in which the activation mechanism had been impaired by high-speed homogenization without casein (Fig. 4) . Mixing of these two extracts resulted in a rapid increase in PPDK activity, in either presence or absence of casein in the active extracts. The rates of activation in the mixtures were similar to those initially observed in the corresponding active extract. Thus, PPDK did not lose its ability to undergo activation in extracts prepared by high-speed homogenization in a buffer lacking casein. In contrast, it is apparently PDRP that is unstable under these conditions.
Schrader et al. (17, 18) found that addition of casein to extraction media also increased nitrate reductase activity in maize leaf extracts. They proposed that casein affects nitrate reductase activity in two ways: (a) casein stabilizes the enzyme Purified PPDK has a specific activity of about 4 ,umol min-' mg-' protein (19) . Using specific antibodies to quantitate PPDK in crude leaf extracts, specific activities can be estimated that should be comparable to that of the purified enzyme. This was not true in leaf extracts obtained by high-speed homogenization in a buffer lacking casein (Table I) , where specific activities ranged from 0.22 to 1.07 umol min-' mg-' PPDK. In an experiment reported in a companion paper (3), addition of casein to extraction media resulted in specific activities ranging between 4.4 and 7.8 ,mol min-' mg-' PPDK. This improved extraction procedure not only increased PPDK activity several-fold, but also significantly reduced the range of variation observed among inbred lines of maize extracted without casein.
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